We review our studies on the ρ and σ resonances properties derived from the Inverse Amplitude Method. In particular, we study the leading 1/N c behavior of the resonances masses and widths and their evolution with changing m π . The 1/N c expansion gives a clear definition ofqq states, which is neatly satisfied by the ρ but not by the σ , showing that its dominant component is notqq. The m π dependence of the resonance properties is relevant to connect with lattice studies. We show that our predictions compare well with some lattice results and we find that the ρππ coupling constant is m π independent, in contrast with the σ ππ coupling, that shows a strong m π dependence.
where s is the Mandelstam variable and p is the center of mass momentum. Consequently, the imaginary part of the inverse amplitude is known exactly. However, ChPT amplitudes, being an expansion t ≃ t 2 + t 4 + · · · , with t k = O(p k ), can only satisfy Eq. 
and cannot generate poles. Therefore the resonance region lies beyond the reach of standard ChPT. This region however, can be reached combining ChPT with dispersion theory through the IAM [3, 4, 5] .
The analytic structure of the ππ scattering amplitude t(s), consisting on a right cut extending from s th = 4m 2 π to ∞, and a left cut from −∞ to 0, allows to write a dispersion relation for the auxiliary function G(s) ≡ t 2 2 (s)/t(s) 
G(s) = G(0)
where the integral over the left cut has been abbreviated as LC(G) and PC stands from possible pole contributions corresponding zeros of t. The different terms in Eq.(3) can be evaluated using unitarity and ChPT as follows: The right cut can be exactly evaluated taking into account the elastic unitarity conditions Eqs.
The subtraction constants only involve the amplitude and its derivatives evaluated at s = 0, so they can be safely approximated with ChPT:
The left cut, which is suppresed by 1/s ′3 (s ′ − s), is weighted at low energies, so it is appropriate to approximate it with ChPT: LC(G) ≃ −LC(t 4 ). The pole contribution only appears in the scalar wave, which vanishes at the so called Adler zero. It counts O(p 6 ) and and has been calculated explicitly [6] and is not just formally suppressed, but numerically negligible except near the Adler zero, away from the physical region.
Neglecting PC for the moment, and taking into account that t 2 (s) is just a first order polynomial in s, and that a dispersion relation can be also written for t 4 , we can write Eq.(3) as
which immediately leads to the IAM formula t IAM (s) = t 2 2 (s)
. The IAM formula satisfies exact elastic unitarity and, when reexpanded at low energies, reproduces the ChPT expansion up to the order used to approximate the subtraction constants and the left cut. Here we have presented an O(p 4 ) IAM but it can be generalized to higher chiral orders. Note that in the IAM derivation ChPT has been always used at low energies, to evaluate parts of a dispersion relation whose elastic unitarity cut has been taken into account exactly. Thus, there are no additional model dependencies in the approach, which is reliable up to energies where inelasticities become important. Taking the pole contribution into account leads to a modified IAM formula [6] which is almost indistinguishable from the ordinary one except in the Adler zero region, where it fixes some problems of the ordinary IAM with the Adler zero [6] . Actually, this modified IAM formula is the one used in this work since, as it will be shown below, one amplitude pole gets near the Adler zero region.
This simple IAM formula is able to reproduce ππ scattering phase shift data up to roughly 1 GeV and generates the poles associated to the ρ and σ resonances with values of the LECs compatible with standard ChPT [5] . The 1/N c expansion is implemented in ChPT through the LECs, whose leading 1/N c scaling is known from QCD. Also, the quark mass dependence implemented in the IAM agrees with that of ChPT up to the order used. Hence, it is straightforward to study the leading 1/N C behavior and them dependence of the resonances generated with the IAM, which we proceed to expose in the following sections. Hence, by scaling with N c the ChPT parameters in the IAM, the N c dependence of the ρ and σ mesons mass and width has been determined [7, 8] . They are defined from the pole positions as √ s pole = M − iΓ. Note that we should not take too large N C values, since the N c → ∞ is a weakly interacting limit, where the IAM approach is less reliable [9] . Also, for very large N c values, even a tiny admixture ofqq in the physical state would become dominant, but this does not give any information about the dominant component of the N c = 3 physical state. Fig. 1 (left) shows the ρ and σ mass and width N c scaling. It can be clearly seen that the ρ follows remarkably well the expected behavior of aqq state, confirming that the method can obtain the correct N c behavior of well knownqq states. In contrast,the σ does not thatqq pattern, allowing us to conclude that the σ dominant component is notqq.
NATURE OF RESONANCES FROM THEIR LEADING
Loop contributions play an important role in determining the σ pole position. Since they are 1/N c suppressed compared to tree level terms, it may happen that for larger N c values they become comparable to tree level O(p 6 ) contributions, which are subdominant in the chiral expansion, but not N c suppressed. Thus we checked the O(p 4 ) results with an O(p 6 ) IAM calculation [8] . We defined a χ 2 -like function to measure how close a resonance is from abehavior. First, we used it at O(p 4 ) to show that it is not possible for the σ to behave predominantly as aqq state describing simultaneously the data and the ρqq behavior. Next, we obtained an O(p 6 ) data fit where the ρqq behavior was imposed. 
CHIRAL EXTRAPOLATION OF THE ρ AND σ RESONANCES
ChPT also provides an expansion of m π in terms ofm (at leading order m 2 π ∼m). Thus, by changing m π in the amplitudes we see how the IAM poles depend onm. We report here our analysis of the ρ and σ properties dependence on m π [10] .
The values of m π considered should fall within the ChPT applicability range and allow for some elastic regime below KK, that would almost disappear if m π > 500, which would be the most optimistic applicability range. We expect higher order corrections to be more relevant as m π increases. Thus, our results become less reliable as m π grows. Fig. 2 (top left) shows the evolution of the σ and ρ pole positions as m π is increased. In order to see the pole movements relative to the ππ threshold, which is also increasing, we use units of m π , so the threshold is fixed at √ s = 2. Both poles move closer to threshold and they approach the real axis. The ρ poles reach the real axis at the same time that they cross threshold. One of them jumps into the first sheet and becomes a bound state, while its conjugate partner remains on the second sheet practically at the very same position as that in the first. In contrast, the σ poles go below threshold with a finite imaginary part before they meet in the real axis, still on the second sheet, becoming virtual states. As m π increases, one pole moves toward threshold and jumps through the branch point to the first sheet staying in the real axis below threshold, very close to it as m π keeps growing. The other σ pole moves down in energies away from threshold and remains on the second sheet. Similar movements were found within quark models [12] and finite temperature and density analysis [13, 14] . Fig. 2 (top right) shows our results for the ρ mass dependence on m π compared with some lattice results [15] , and the PDG value for the ρ mass. Now M ρ is defined as the point where the phase shift crosses π/2, except for those m π values where the ρ becomes a bound state, where it is defined from the pole position. In view of the incompatibilities between different lattice collaborations, we find a qualitative good agreement with lattice results. The M ρ dependence on m π agrees also with estimations for the two first coefficients of its chiral expansion [16] .
In Fig. 2 resonances approach the ππ threshold. We find that Γ ρ follows very well this expected behavior, which implies that the ρππ coupling is almost m π independent. In contrast, Γ σ deviates from the phase space reduction expectation. This suggests a strong m π dependence of the σ coupling to two pions, which we confirm with a explicit calculation of the resonances couplings from the pole residues as shown in the bottom left panel.
